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1 57) Abstract 

A refleetive/diffractive light valve system collects light from multiple dimensions around a single light source. From these multiple 
collection dimensions, the light is directed to impinge on the valve from multiple directions. When the valve is configured to be reflective, 
the light returns to the source. On the other hand, when the valve is configured to be diffracdve, light from a first and third order diffraction 
are transmitted from the valve for each of die collection dimensions which greatly enhances the efficiency of die system. 
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WO 96/41224 PCT/US96/08803 
DIFFRACTION GRATING LIGHT DOUBLING COLLECTION SYSTEM 

Field of the Invention 

This invention relates to the field of optical systems. More particularly, this 
invention relates to a system which increases the amount of useful light collected from a 
reflective light valve system. The light is collected via multiple spherical mirror and 
condensing lens systems with the aid of a turning mirror system which matches the 
angular separation of the turning mirrors to the deflection angle of the light valve. 

Background of the Invention 

In a light valve system, it is especially important to maximize the collection of 
light available from the source to maximize efficiency of the system and maintain a cost 
effective design. The cost of precision light sources such as for display systems increases 
dramatically with lumen intensity. Light valve systems can be categorized into 
transmissive and reflective systems. 

In a typical transmissive system, a collecting mirror is used to collect light and 
transmit it through the valve. With only a collecting reflector, light is collected from only 
one side of the source. Light collected from collecting reflectors has a low degree of 
collimation. Nevertheless, a typical transmissive light valve system collects light with 
collecting reflectors. Such transmissive systems can collect over 55% of the light radiated 
from the source. 

For reflective light valve systems, the requirements for light collimation are more 
stringent and typical systems use condensing lenses to collect light which give much better 
collimation. A typical reflective light valve system uses both a spherical mirror and a 
condensing lens or lens system so that light is collected from 2 sides of the source. 
However, the efficiencies of such systems are low. For example, an FA72 condensing 
system with a rear reflector collects only 18% of radiated light 

Figure 1 demonstrates a typical diffractive light valve configuration where the 
source is imaged on a turning* mirror. Light is radiated in all directions from a light 
source 100, such as a bulb. Light which strikes a spherical mirror 102 is collected and 
returned to the source 100 and passes thereby. Similarly, light which leaves the source 
100 and strikes a condenser system 104 is also collected and focused. In the embodiment 
shown in Figure 1, the condenser 1 04 is a composite lens system. It will be apparent to 
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those of ordinary skill in the art that other types of lens systems can be utilized to 
accomplish the function of condensing. The light which was collected by the mirror 102 
also enters the condenser 104 after passing the source 100. Light which neither strikes the 
mirror 102 nor the condenser 104 is lost This wasted Ulumination accounts for lost 
efficiency of the system. 

The condenser 104 images the light from the source 100 onto a specular turning 
muror 106. The turning mirror 106 reflects the light onto a reflective light valve 108 In 
the embodiment shown in Figure 1, a Schlieren lens 1 10 is positioned between the turning 
mirror 106 and the valve 108. 

The valve 108 in this embodiment is a diffraction grating light valve. The valve is 
selectively configurable to be either reflective or diffractive. Examples of such a device 
are found in U.S. Patent 5.311,360, issued may 10, 1994 to Bloom et aL, and in co-filed, 
co-pending U.S. Patent applications, serial number 08/482,188, entitled FLAT 
DIFFRACTION GRATING LIGHT VALVE, and filed herewith, and in co-filed, co- 
pending U.S. Patent application, serial number 08/480,459, entitled A METHOD OF 
MAKING AND AN APPARATUS FOR A FLAT DIFFRACTION GRATING LIGHT 
VALVE and filed herewith. When configured to be reflective, the light which strikes the 
valve 108 is specularly reflected back to the turning mirror 106 through the lens 1 10 and 
thence to the source through the condenser 104. 

When the valve is diflractive, the diffractive angle is known and calculable as a 
function of the period of the diffraction grating. When configured to be diffractive the 
system is configured so that the deflected light bypasses the turning minor and enters the 
projection optics 1 12. It is well known that light is diffracted through first order angle 0 
and also through multiples of 0. Light which leaves the valve 108 at the second and third 
order diffraction angles blocked by the pupil mask 1 14. In this way, the desired first order 
light is provided to the projection optics 112. 

It is required that the deflection angle of the light valve be greater than the angle 
subtended by the image of the source on the turning mirror to collect all of the deflected 
light. For large sources, this is not always possible without compromising brightness. 
This constrains the maximum magnification of the source on the turning mirror or requires 
alternative techniques to maximize brightness. These problems become pronounced for 
light valves that deflect light through small angles. 
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The Eidaphor is the oldest high-brightness reflective light valve projector. The 
Eidaphor utilizes a deformable oil film on a spherical mirror that is addressed with an 
electron beam. When addressed, the locally flat surface of the film becomes sinusoidal 
with a period of 40 |im. The size of the source incident on the turning mirror must be 
small. To achieve small turning mirror dimensions while still maximizing brightness, 
multiple turning mirrors are used. The light is only collected in a single dimension and 
direction for delivery the multiple turning mirrors. Light from a source is collected in a 
single dimension by a condenser lens system. The light leaving the lens system in a single 
direction impinges on multiple turning mirrors. By using multiple turning mirrors, the 
effective size of the turning mirrors when taken together as viewed from the source is 
increased. Correspondingly, the smaller turning mirrors allow higher order modes of 
diffracted light to bypass the mirrors. The light reflected by the turning mirrors passes 
through a splitter to impinge on the color specific deformable oil film/reflectors. Three oil 
film/reflectors are used to develop red, green and blue color. A lens system is used 
between the splitter and the oil film/reflectors. If the light is reflected, it returns to the 
source. If the light is diffracted, it bypasses the turning mirrors and proceeds to the 
projection optics. As with the embodiment of Figure 1, a significant portion of the light 
generated by the source is wasted and never enters the system or impinges on the valve. 

For a diflfractive light valve which diffracts a small amount of undesirable light into 
the second order, this system has the disadvantage that second order light will be diffracted 
into the dark state. This is an advantage for the Eidaphor, because its dark state does not 
diffract light into higher orders. 

Summary of the Invention 

A reflective/diffractive light valve system collects light from multiple dimensions 
around a single light source. From these multiple collection dimensions, the light is 
directed to impinge on the valve from multiple directions. When the valve is configured 
to be reflective, the light returns to the source. On the other hand, when the valve is 
configured to be diffractive, light from odd diffraction orders are transmitted from the 
valve for each of the collection dimensions which greatly enhances the efficiency of the 
system. 
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Brief Description of the Drawings 

Figure 1 shows a schematic diagram of a first optical system for a dififractive light 
valve system in the prior art. 

Figure 2 shows a schematic diagram of the optical system for a reflective light 
valve system according to the preferred embodiment of the present invention. 

Figure 3 shows a schematic representation of a portion of the optical system of the 
present invention when the valve is configured to be reflective. 

Figure 4 shows a schematic representation of a portion of the optical system of the 
present invention when the valve is configured to be difrractive. 

Detailed D escription of the Preferred Embodiment 

The preferred embodiment of the present invention is in a display system using a 
diffraction based light modulator. In this system the light valve includes an addressable 
array of reflective ribbon structures suspended above a substrate. The act of addressing 
the elements of the array causes the ribbons to selectively move toward the substrate. The 
amount of motion is of the 1/4 center wavelength of the spectrum of incident light When 
the ribbons are activated, they form a diffraction grating and behave in the conventional 
manner. When they are not activated, they effectively are at the plane of the continuous 
reflector and act like a smooth specular mirror. 

Figure 2 shows a schematic diagram of the optical system of the present invention. 
A single light source 300 generates light which is dispersed in all dimensions. Light is 
radiated in all directions from a light source 300, such as a bulb. Light which strikes a 
first spherical mirror 302 is collected and returned to the source 300 and passes thereby. 
Similarly, light which leaves the source 300 and strikes a first condenser system 304 is 
also collected, collimated, and imaged onto a turning minor. In the embodiment shown 
in Figure 2, the condenser 304 is a composite lens system including a first lens 306 to 
collimate the light, a turning mirror 308 to redirect the light and a second lens 310 to 
image the source 300 onto a subsequent turning mirror 312. It will be apparent to those 
of ordinary skill in the art that other types of lens systems can be utilized to accomplish 
the function of condensing. The light which was collected by the mirror 302 also enters 
the condenser 304 after passing the source 300. 
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The condenser 304 images its portion of the light from the source 300 onto a 
specular turning mirror 312. The turning mirror 312 reflects the light onto a reflective 
light valve 314. In the embodiment shown in Figure 2, a Schlieren lens 316 is positioned 
between the turning mirror 312 and the valve 314. 

In Figure 1, light which neither strikes the mirror nor the condenser is lost. This 
wasted illumination accounts for lost efficiency of the system. The system according to 
the present invention provides two more collection devices to improve the efficiency of the 
system. These additional collection devices collect light which would otherwise be 
wasted. Returning to the description of Figure 2, it can readily be seen that the second 
collection path is a mirror image of the first collection path. Each of these two collection 
paths collect light in each of two dimensions. 

In the second collection path, a second spherical mirror 322 is collected and 
returned to the source 300 and passes thereby. Similarly, light which leaves the source 
300 and strikes a first condenser system 324 is also collected, collimated, and imaged onto 
a turning mirror. The condenser 324 is a composite lens system including a first lens 326 
to collimate the light, a turning mirror 328 to redirect the light and a second lens 330 to 
image the source 300 onto a subsequent turning mirror 332. The light which was 
collected by the mirror 322 also enters the condenser 324 after passing the source 300. 
The condenser 324 images its portion of the light from the source 300 onto a specular 
hirning mirror 332. The turning mirror 332 reflects the light onto the reflective light valve 
314 after passing through the Schlieren lens 316. A pupil mask 334 is included to block 
unwanted multiple order light. 

Figure 3 shows a schematic representation of the turning mirrors 312, 335, the 
valve 314 and the pupil mask 334 of Figure 2. The Schlieren lens 316 is removed from 
the drawing to avoid obscuring the invention is additional detail. In Figure 3, the valve is 
conditioned to be reflective. By way of example, light which impinges onto the first 
turning mirror 312 from the first collection path is reflected to strike the valve 314. In the 
reflective state, the valve 314 operates as a specular mirror. Accordingly, the light leaves 
the valve 314 at the same angle in which it arrives, and strikes the second turning mirror 
and is returned to the source through the second collection path. Because the two 
collection paths are identical, the light which impinges on the second turning mirror 332 
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from the second collection path, also reflects on the valve 314, to the first turning mirror 
312 and thence back to the source. No light escapes the system. 

Figure 4 shows thesame elements as Figure 3 except that the valve 314 is 
configured to diffract the light As is well known, the valve 314 will diffract the light 
5 through angles of 0. The desired first order light which is diffracted through first order 

angle of +/- 0, will pass on either side of the turning mirror 312 as shown. This light will 
be collected by the projection optics 336 (Figure 2). 

The undesired second order light which is diffracted through an angle +20 will 
strike the second turning mirror 332 and return to the source. The second order light of 

10 angle -20 will strike the pupil mask 334 as shown. Half the third order light will exit the 
system and half will be blocked by the pupil mask. The undesired fourth and higher 
multiple order light of angle +A40, +-A50 ... will also strike the pupil mask 334. Mirror 
images of these light paths provide light to the projection optics from the second collection 
path. In the second path, only first order light will be collected. 

15 11 is possible to break the turning mirrors into two or more sub-mirrors. These 

turning sub-mirrors can be located to appear as a single continuous reflective surface to 
light coming from the first and second condensers, respectively. These sub-mirrors can 
also be spaced apart along a different axis to appear a broken structure relative to 
diffracted light from the valve 314. Indeed, the sub mirrors can be positioned to allow 

20 first, third, fifth, and other odd orders of diffracted light and to concurrently block second, 
fourth, sixth and other even orders. 

The design of the system is as follows. The diffraction angle of the light valve is 
given by the equation 

25 sin (0,) = AM 

where 0 d is the angle of diffracted light, k is the wavelength of light, and A is the grating 
period of the light valve. Turning mirrors are placed at a horizontal distance f from the 
Schlieren lens and at vertical distances of h « f sin (0^ above and below at a line 
30 perpendicular to the light valve. By symmetry, each turning mirror acts as a stop for the 
specularly reflected light from the other turning mirror. When the valve is in the "on" 
state, meaning light is diffracted from the 0 order to high order modes, first and third 
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order light is diffracted between and around the turning mirrors, but second order light is 
blocked by the turning mirrors or misses the projection lenses. Contrast ratios are 
improved by making the turning mirrors smaller and stopping light around them. For 
color operation, three light valves may be used to diffract red, green, and blue light. To 
obtain the maximum brightness, each of the light valves may be tuned to each of the 
respective colors. If the three light valves are tuned to one color only, the size of the 
stops behind the turning mirrors must be increased to block the second order light 

The present invention has been described relative to a preferred embodiment. 
Improvements or modifications that become apparent to persons of ordinary skill in the art 
only after reading this disclosure are deemed within the spirit and scope of the application. 
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CLAIMS 

What is claimed is: 

1 1. An optical system comprising: 

2 a a light source for generating light; 

3 b. a light valve for receiving light from the light source, wherein the light valve is 

4 selectably configurable to operate in one of a reflecting mode and a diffracting 

5 mode; 

6 c. means for collecting a first portion of the light in a first collection path; 

7 d. means for directing the first portion of the light to the light valve via the first 

8 collection path; 

9 e. means for collecting a second portion of Ihe light in a second collection path; and 

10 f. means for directing the second portion of the light to the light valve via the second 

11 collection path, 

12 wherein the first portion of the light returns to the light source via the second path and the 

13 second portion of the light returns to the light source via the first path when the light 

14 valve is configured in the reflecting mode, and wherein first order diffractions of the first 

15 portion and the second portion of the light exit the system when the light valve is 

16 configured in the diffracting mode. 

1 2. The optical system according to claim 1 wherein the light valve is a diffraction 

2 light valve. 

1 3. The optical system according to claim 2 wherein the light valve is a grating light 

2 valve. 

1 4. The optical system according to claim 2 wherein an angle of incidence is equal to a 

2 first order diffraction angle. 



- 8 - 



BEST AVAILABLE COPY 



WO 96/41224 PCT/US96/08803 

1 5. The optical system according to claim 2 wherein the means for directing the first 

2 portion of the light and the means for directing the second portion of the light comprise 

3 turning mirrors. 

1 6. The optical system according to claim 5 wherein a second order diffraction is 

2 blocked by one of the turning mirrors. 

1 7. The optical system according to claim 5 wherein the turning mirrors comprise a 

2 plurality of sub-mirrors which appear a single reflective surface to light traveling from the 

3 source to the light valve and appear a single reflective surface to light traveling from the 

4 light valve when the light valve is configured in the reflecting mode, and wherein odd 

5 order diffractions of the first portion and the second portion of the light exit the system 

6 when the light valve is configured in the diffracting mode. 

1 8. The optical system according to claim 7 wherein an even order diffraction is 

2 blocked by a predetermined one of the turning mirrors. 
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